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(57) ABSTRACT

Link adaptation for an uplink channel is dynamically per-
formed based on changes in uplink resources in the wireless
network, the changes based on frame configuration. If the
ratio of uplink to downlink subframes in the new frame
configuration is smaller, the throughput is increased by
increasing a modulation and coding scheme of the uplink
channel, and transmit power of wireless devices. If the ratio
of uplink to downlink subframes is increased in the new
frame configuration, the throughput is decreased, and the
wireless device is instructed to transmit using reduced
transmit power.

13 Claims, 5 Drawing Sheets
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1
DYNAMIC LINK ADAPTATION

TECHNICAL BACKGROUND

As wireless networks evolve and grow in complexity,
there are ongoing challenges in reliably communicating
large amounts of data over the air interface(s) of the wireless
network. For example, a wireless network may include one
or more access nodes, such as base stations, for providing
wireless voice and data service to numerous wireless devices
in various coverage areas of the one or more access nodes.
As is known to those having ordinary skill in the art, the air
interface deployed by access nodes is typically divided into
radio frames, each of which contains a plurality of sub-
frames within a specified time period, each subframe con-
taining resource elements organized into resource blocks. In
time-duplexed long-term evolution (TD-LTE) networks, for
instance, each subframe within a frame may be allocated
towards uplink transmissions, i.e. transmissions from a
wireless device to an access node, or downlink transmis-
sions, i.e. transmissions from the access node to the wireless
device. Various arrangements of uplink and downlink sub-
frames in different ratios (along with certain special sub-
frames) have been prescribed by LTE standards, and are
hereinafter referred to as frame configurations. Conse-
quently, to balance the requirements of the numerous wire-
less devices connecting to network nodes, different frame
configurations (comprising different ratios of uplink-to-
downlink resources) may be dynamically implemented
within the wireless network. Such network-initiated varia-
tions in the availability of uplink resources can adversely
affect wireless devices transmitting on the uplink channel by,
for instance, interfering with uplink transmission power
control (TPC) of these wireless devices.

OVERVIEW

Exemplary embodiments described herein include sys-
tems, methods, and processing nodes for dynamically per-
forming dynamic link adaptation based on changes detected
in an availability of uplink subframes within a frame con-
figuration. An exemplary method for performing dynamic
link adaptation includes determining a change in a wireless
air interface deployed by an access node from a first frame
configuration to a second frame configuration and adjusting
a throughput for uplink data transmitted over the wireless air
interface based on the change. The data is transmitted from
a wireless device in communication with the access node.
The method further includes instructing the wireless device
to transmit the data at the adjusted throughput.

An exemplary system for performing dynamic link adap-
tation includes a processing node and a processor coupled to
the processing node. The processor enables the processing
node to perform operations including changing a frame
configuration of an air interface from a first frame configu-
ration to a second frame configuration. Each of the first and
second frame configurations comprise different amounts of
uplink resources. The operations further include determining
that one or more wireless devices in communication with the
access node are configured to transmit uplink data at a first
throughput, and instructing the one or more wireless devices
to transmit the uplink data at a second throughput that is
different from the first throughput.

An exemplary processing node for performing dynamic
link adaptation in a wireless network is configured to
perform operations including determining that fewer uplink
resources are available within an air interface deployed by
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an access node in the wireless network, incrementally
increasing a throughput of uplink data transmitted from a
wireless device communicatively coupled to the access node
until a threshold error rate is reached, determining that
greater uplink resources are available within the air inter-
face, and incrementally decreasing the throughput of the
uplink data until a minimum requirement is met.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts an exemplary system for performing
dynamic link adaptation in a wireless network.

FIG. 2 depicts an exemplary access node for performing
dynamic link adaptation in a wireless network.

FIG. 3 depicts an exemplary method for performing
dynamic link adaptation in a wireless network.

FIG. 4 depicts another exemplary method for performing
dynamic link adaptation in a wireless network.

FIG. 5 depicts an exemplary processing node for perform-
ing dynamic link adaptation in a wireless network.

DETAILED DESCRIPTION

In embodiments disclosed herein, link adaptation for an
uplink channel in a wireless network is dynamically per-
formed based on changes in uplink resources in the wireless
network. A ratio of uplink resources to downlink resources
may be altered by changes in frame configuration in an air
interface of the wireless network. The frame configuration is
one of a plurality of frame configurations, and each frame
configuration comprises a data frame having a sequence of
uplink and downlink subframes in a specified ratio for a
fixed time interval, along with one or more special sub-
frames. For numerous reasons, such as requirements of
wireless devices on the wireless network, a frame configu-
ration may be selected that has a different ratio of uplink
subframes relative to downlink subframes than a frame
configuration currently being used in the wireless network.
Upon determining a change in frame configuration, a
throughput for uplink data transmitted over the uplink
channel is adjusted, and wireless devices are instructed to
transmit uplink data at the adjusted throughput.

If the ratio of uplink subframes to downlink subframes in
the second (i.e. new) frame configuration is smaller than the
ratio of uplink subframes to downlink subframes in the first
(i.e. original) frame configuration, the throughput is
increased. Increasing the throughput may comprise increas-
ing a modulation and coding rate or scheme of data trans-
mitted on the uplink channel. Such an increase may increase
the error rate. Therefore, the throughput may be incremen-
tally increased until a threshold error rate is met. In some
embodiments, the throughput is adjusted based on an error
rate constraint as well as an application requirement of an
application running on one or more wireless devices. In
addition to the throughput being increased, the wireless
device may further be instructed to transmit uplink data at an
increased power, so as to enable the higher throughput.
Conversely, if the ratio of uplink to downlink subframes in
the second frame configuration is greater than the ratio of
uplink to downlink subframes in the first frame configura-
tion, the throughput is decreased, and the wireless device is
instructed to transmit the data at the decreased throughput
and using a reduced transmit power.

The operations disclosed herein may be performed by one
or more of a serving access node, a controller node, or any
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other network node, alone or in any combination, as further
described below with respect to the embodiments depicted
in FIGS. 1-5.

FIG. 1 depicts an exemplary system 100 for dynamic link
adaptation. System 100 comprises a communication net-
work 101, gateway node 102, controller node 104, access
node 110, and wireless devices 130, 140. Access node 110
is illustrated as having a coverage area 115, with wireless
devices 130, 140 being located within coverage area 115 and
accessing network services directly from access node 110
over an air interface deployed by access node 110. It should
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subframes and downlink subframes. In some embodiments,
a special subframe may also be used, for instance, as a guard
between an uplink subframe and a downlink subframe or for
any other suitable purpose. In other embodiments, such as in
an enhanced interference mitigation and traffic adaptation
(eIMTA) system within an LTE network, a frame configu-
ration may comprise one or more flexible subframes that can
be dynamically adjusted to either be downlink, uplink, or
special subframes. See, for instance, configuration FCn with
flexible subframes (F) in Table 1.

TABLE 1

Frame Configuration,

Frame Config. Subframe (SFO-SF9)
(FC1-FCn) SFO SF1 SF2 SF3 SF4 SF5 SF6 SF7 SF8 SF9
FCO D S U U U D S U U U
FC1 D S U U D D S U U D
FC2 D S U D D D S U D D
FC3 D S U U U D D D D D
FC4 D S U U D D D D D D
FC3 D S U D D D D D D D
FC6 D S U U U D S U U D
FCn D S U F F D S/D F F F

be noted that although only access node 110 and wireless
devices 130, 140 are shown in FIG. 1, any number and
combination of access nodes and wireless devices is possible
within system 100, without any material difference to the
operations described herein.

In operation, one or more of access node 110, controller
node 104, or any other network element in system 100
performs dynamic link adaptation for an uplink channel of
a wireless air interface deployed by access node 110 based
on changes in a ratio of uplink resources to downlink
resources in the wireless air interface. The uplink channel
may comprise uplink resources, i.e. physical resource blocks
allocated towards a Physical Uplink Shared Channel
(PUSCH). The changes to the ratio of uplink to downlink
resources may arise as a result of changes in a frame
configuration in system 100. The frame configuration is one
of a plurality of frame configurations, and each frame
configuration comprises a data frame having a sequence of
uplink and downlink subframes in a specified ratio for a
fixed time interval, along with one or more special sub-
frames. For example, in a time division duplex (TDD)
network, the system bandwidth is shared between uplink and
downlink, with the sharing being performed by allotting
different periods of time (e.g. transmission time intervals or
TTIs) to uplink and downlink transmission. When using a
TDD frame structure, an uplink subframe and a downlink
subframe may be transmitted over the same frequency at
different times. Moreover, different frame configurations
comprise different ratios of uplink subframes and/or down-
link subframes, as shown in Table 1 below. LTE standards
have prescribed seven known frame configurations (FCO-
FC6 in Table 1 below) that can be selected from at any time
by a network node, such as an access node or controller
node, as prescribed by LTE standards. In such a system, a
data transmission frame (or simply “frame”) is about 10 ms
in duration and comprises 10 subframes, each of which is
about 1 ms in duration. For example, a frame of 10 ms in
duration may comprise a number of subframes of 1 ms in
duration (i.e., TTIs), arranged in a sequence of uplink
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Each frame configuration in Table 1 comprises 10 sub-
frames SFO-SF9, and each frame configuration FCO-FCn
comprises a different ratio of downlink (D), uplink (U), and
special (S) subframes. Other frame configurations may com-
prise various other sequences of special, downlink, and
uplink subframes. For the purposes of the subject disclosure,
a frame configuration is not limited to existing known frame
configurations, but can be any sequence of uplink and
downlink subframes that can be appreciated by those having
ordinary skill in the art in light of this disclosure.

As described above, one or more of access node 110,
controller node 104, or any other network element in system
100 detects changes in frame configuration, and performs
dynamic link adaptation by adjusting a throughput and/or a
power level for uplink data transmitted from one or more of
wireless devices 130, 140 based on the changes. The
changes in frame configuration may be performed for
numerous reasons, such as for load balancing operations or
other adjustments based on requirements of wireless devices
130, 140. A frame configuration may be selected that has a
different ratio of uplink subframes relative to downlink
subframes than a frame configuration currently being used in
the wireless network. With respect to the frame configura-
tions described in Table 1, for instance, if the current (i.e.
first) frame configuration is FC1 (which has 4 uplink sub-
frames), and if frame configuration FC2 (which has 2 uplink
subframes) is selected, it may be determined that fewer
uplink subframes relative to downlink subframes are avail-
able within system 100.

Upon determining such a change in frame configuration
and/or availability of uplink resources, a throughput for
uplink data transmitted over the uplink channel is adjusted,
and wireless devices 130, 140 are instructed to transmit
uplink data at the adjusted throughput. For example, if the
ratio of uplink subframes to downlink subframes in the
second (i.e. new) frame configuration is smaller than the
ratio of uplink subframes to downlink subframes in the first
(i.e. original) frame configuration, the throughput is
increased. Prior to increasing the throughput, it may be
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determined that one or more of wireless devices 130, 140 are
configured to transmit uplink data at a first throughput that
is too low. For example, an application requirement may
require a certain throughput. The first throughput may be
insufficient for transmitting the uplink data in the second
frame configuration. Therefore, the throughput is increased.

In addition to the throughput being increased, wireless
devices 130, 140 may further be instructed to transmit uplink
data at an increased power, so as to enable the higher
throughput. Conversely, if the ratio of uplink to downlink
subframes in the second frame configuration is greater than
the ratio of uplink to downlink subframes in the first frame
configuration, the throughput is decreased, and wireless
devices 130, 140 are instructed to transmit the data at the
decreased throughput and using a reduced transmit power.

Increasing the throughput may comprise increasing a
modulation and coding rate or scheme of data transmitted on
the uplink channel. For example, in LTE networks, it is
possible to choose between three types of modulation
schemes comprising variants of Quadrature Phase Shift
Keying (QPSK, a form of Phase Shift Keying in which two
bits are modulated at once), and Quadrature Amplitude
Modulation (QAM, widely sued for data transmission as it
enables better levels of spectral efficiency than other forms
of modulation). The 3 types of modulation schemes can
include, for instance, QPSK, 16QAM (4 bits per symbol),
and 64QAM (6 bits per symbol). The exact LTE modulation
format is generally chosen depending upon the prevailing
conditions, such as a channel quality indicator (CQI). The
lower forms of modulation, i.e. QPSK, do not require a large
signal to noise ratio, while potentially being unable to send
the data as fast or at a higher throughput. The higher-order
modulations (16QAM and 64QAM) are used when there is
a sufficient or threshold signal to noise ratio. Consequently,
in some cases, higher-order modulations are subject to signal
loss, as reflected by an error rate.

Therefore, an increase in throughput via selection of a
higher-order modulation may increase the error rate, such as
a block error rate (BLER), packet error rate (PER), or any
other measurement of error. The error rate may be associated
with an application requirement. In either case, the through-
put may be incrementally increased until a threshold error
rate is met. In some embodiments, the throughput is adjusted
based on an error rate threshold/constraint as well as an
application requirement of an application running on one or
more of wireless devices 130, 140.

Access node 110 can be any network node configured to
provide communication between wireless devices 130, 140
and communication network 101, including standard access
nodes and/or short range, low power, small access nodes.
For instance, access node 110 may include any standard
access node, such as a macrocell access node, base trans-
ceiver station, a radio base station, an eNodeB device, an
enhanced eNodeB device, or the like. In an exemplary
embodiment, a macrocell access node can have a coverage
area 115 in the range of approximately five kilometers to
thirty-five kilometers and an output power in the tens of
watts. In other embodiments, access node 110 can be a small
access node including a microcell access node, a picocell
access node, a femtocell access node, or the like such as a
home NodeB or a home eNodeB device.

Access node 110 can comprise a processor and associated
circuitry to execute or direct the execution of computer-
readable instructions to perform operations such as those
further described in FIG. 2. Briefly, access node 110 can
retrieve and execute software from storage, which can
include a disk drive, a flash drive, memory circuitry, or some
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other memory device, and which can be local or remotely
accessible. The software comprises computer programs,
firmware, or some other form of machine-readable instruc-
tions, and may include an operating system, utilities, drivers,
network interfaces, applications, or some other type of
software, including combinations thereof. Further, access
node 110 can each receive instructions and other input at a
user interface. Access node 110 communicates with gateway
node 102 and controller node 104 via communication links
106, 107. Access node 110 may communicate with other
access nodes (not shown) using a direct link such as an X2
link or similar.

Wireless devices 130, 140 may be any device, system,
combination of devices, or other such communication plat-
form capable of communicating wirelessly with access node
110 using one or more frequency bands deployed therefrom.
Each of wireless devices 130, 140 may be, for example, a
mobile phone, a wireless phone, a wireless modem, a
personal digital assistant (PDA), a voice over internet pro-
tocol (VoIP) phone, a voice over packet (VOP) phone, or a
soft phone, as well as other types of devices or systems that
can exchange audio or data via access node 110. Other types
of communication platforms are possible.

Communication network 101 can be a wired and/or
wireless communication network, and can comprise pro-
cessing nodes, routers, gateways, and physical and/or wire-
less data links for carrying data among various network
elements, including combinations thereof, and can include a
local area network a wide area network, and an internetwork
(including the Internet). Communication network 101 can be
capable of carrying data, for example, to support voice,
push-to-talk, broadcast video, and data communications by
wireless devices 130, 140. Wireless network protocols can
comprise MBMS, code division multiple access (CDMA)
1xRTT, Global System for Mobile communications (GSM),
Universal Mobile Telecommunications System (UMTS),
High-Speed Packet Access (HSPA), Evolution Data Opti-
mized (EV-DO), EV-DO rev. A, Third Generation Partner-
ship Project Long Term Evolution (3GPP LTE), and World-
wide Interoperability for Microwave Access (WiMAX).
Wired network protocols that may be utilized by commu-
nication network 101 comprise Ethernet, Fast Ethernet,
Gigabit Ethernet, Local Talk (such as Carrier Sense Multiple
Access with Collision Avoidance), Token Ring, Fiber Dis-
tributed Data Interface (FDDI), and Asynchronous Transfer
Mode (ATM). Communication network 101 can also com-
prise additional base stations, controller nodes, telephony
switches, internet routers, network gateways, computer sys-
tems, communication links, or some other type of commu-
nication equipment, and combinations thereof.

Communication links 106, 107 can use various commu-
nication media, such as air, space, metal, optical fiber, or
some other signal propagation path—including combina-
tions thereof. Communication links 106, 107 can be wired or
wireless and use various communication protocols such as
Internet, Internet protocol (IP), local-area network (LAN),
optical networking, hybrid fiber coax (HFC), telephony, T1,
or some other communication format—including combina-
tions, improvements, or variations thereof. Wireless com-
munication links can be a radio frequency, microwave,
infrared, or other similar signal, and can use a suitable
communication protocol, for example, Global System for
Mobile telecommunications (GSM), Code Division Mul-
tiple Access (CDMA), Worldwide Interoperability for
Microwave Access (WiMAX), or Long Term Evolution
(LTE), or combinations thereof. Communication links 106,
107 may include S1 communication links. Other wireless
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protocols can also be used. Communication links 106, 107
can be a direct link or might include various equipment,
intermediate components, systems, and networks. Commu-
nication links 106, 107 may comprise many different signals
sharing the same link.

Gateway node 102 can be any network node configured to
interface with other network nodes using various protocols.
Gateway node 102 can communicate user data over system
100. Gateway node 102 can be a standalone computing
device, computing system, or network component, and can
be accessible, for example, by a wired or wireless connec-
tion, or through an indirect connection such as through a
computer network or communication network. For example,
gateway node 102 can include a serving gateway (SGW)
and/or a public data network gateway (PGW), etc. One of
ordinary skill in the art would recognize that gateway node
102 is not limited to any specific technology architecture,
such as Long Term Evolution (LTE) and can be used with
any network architecture and/or protocol.

Gateway node 102 can comprise a processor and associ-
ated circuitry to execute or direct the execution of computer-
readable instructions to obtain information. Gateway node
102 can retrieve and execute software from storage, which
can include a disk drive, a flash drive, memory circuitry, or
some other memory device, and which can be local or
remotely accessible. The software comprises computer pro-
grams, firmware, or some other form of machine-readable
instructions, and may include an operating system, utilities,
drivers, network interfaces, applications, or some other type
of software, including combinations thereof. Gateway node
102 can receive instructions and other input at a user
interface.

Controller node 104 can be any network node configured
to communicate information and/or control information over
system 100. Controller node 104 can be configured to
transmit control information associated with a handover
procedure. Controller node 104 can be a standalone com-
puting device, computing system, or network component,
and can be accessible, for example, by a wired or wireless
connection, or through an indirect connection such as
through a computer network or communication network. For
example, controller node 104 can include a mobility man-
agement entity (MME), a Home Subscriber Server (HSS), a
Policy Control and Charging Rules Function (PCRF), an
authentication, authorization, and accounting (AAA) node, a
rights management server (RMS), a subscriber provisioning
server (SPS), a policy server, etc. One of ordinary skill in the
art would recognize that controller node 104 is not limited
to any specific technology architecture, such as Long Term
Evolution (LTE) and can be used with any network archi-
tecture and/or protocol.

Controller node 104 can comprise a processor and asso-
ciated circuitry to execute or direct the execution of com-
puter-readable instructions to obtain information. Controller
node 104 can retrieve and execute software from storage,
which can include a disk drive, a flash drive, memory
circuitry, or some other memory device, and which can be
local or remotely accessible. In an exemplary embodiment,
controller node 104 includes a database 105 for storing
information related to elements within system 100, such as
power and throughput capabilities of wireless devices 130,
140, predefined or dynamic thresholds, and associations
thereof with frame configurations, and so on. This informa-
tion may be requested by or shared with access node 110 via
communication links 106, 107, X2 connections, and so on.
The software comprises computer programs, firmware, or
some other form of machine-readable instructions, and may
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include an operating system, utilities, drivers, network inter-
faces, applications, or some other type of software, and
combinations thereof. Controller node 104 can receive
instructions and other input at a user interface.

Other network elements may be present in system 100 to
facilitate communication but are omitted for clarity, such as
base stations, base station controllers, mobile switching
centers, dispatch application processors, and location regis-
ters such as a home location register or visitor location
register. Furthermore, other network elements that are omit-
ted for clarity may be present to facilitate communication,
such as additional processing nodes, routers, gateways, and
physical and/or wireless data links for carrying data among
the various network elements, e.g. between access node 110
and communication network 101.

FIG. 2 depicts an exemplary access node 210 which may
comprise, for example, a macro access node as described
with reference to FIG. 1. Access node 210 provides wireless
device 230 with access to network services and applications
on network 201, and enables communication therewith.
Access node 210 is illustrated as comprising a processor
211, memory 212, transceiver 213, and antenna 214. Pro-
cessor 211 executes instructions stored on memory 212,
thereby enabling wireless communication with one or more
wireless devices, such as wireless device 230, and access
node 210 to perform the operations described herein and
with respect to FIGS. 3 and 4.

FIG. 3 depicts an exemplary method for dynamic link
adaptation in a wireless network. The method of FIG. 3 may
be implemented by an access node, such as access nodes
210, 120, controller node 104, or any other network node.
Although FIG. 3 depicts steps performed in a particular
order for purposes of illustration and discussion, the opera-
tions discussed herein are not limited to any particular order
or arrangement. One skilled in the art, using the disclosures
provided herein, will appreciate that various steps of the
methods can be omitted, rearranged, combined, and/or
adapted in various ways.

The method begins at 301 with a determination of a
change in frame configuration of a wireless interface of an
access node. The frame configuration may change from a
first, i.e. initial or default frame configuration, to a second
frame configuration, i.e. a new frame configuration. The
default and new frame configurations may be any from
among a plurality of frame configurations available in the
wireless network. Further, each of the plurality of frame
configurations comprises a sequence of subframes in a
defined order as further described herein and with respect to
Table 1 above. The changes in frame configuration may be
initiated by a network operator or network node for numer-
ous reasons, including load balancing between uplink and
downlink resource usage, and so on.

At 302, it is determined whether a ratio of uplink sub-
frames relative to downlink subframes in the second frame
configuration is smaller than a ratio of uplink subframes to
downlink subframes in the first or initial frame configura-
tion. In other words, it may be determined that a fewer
amount of uplink resources (i.e. subframes) are available
now than were previously available in the wireless network.
As described herein, such a change negatively impacts
performance of the uplink channel by limiting availability of
uplink resources. If the amount (or relative ratio) of uplink
subframes remains relatively stable, i.e. does not decrease
with the change in frame configuration, then link adaptation
may not be needed, and the method ends.

If, however, a negative change in frame configuration
and/or availability of uplink resources is determined then, at
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303, a throughput for uplink data transmitted over the uplink
channel is increased, and wireless devices within the wire-
less network are instructed to transmit uplink data at the
increased throughput. An optional step here is to determine
whether or not the current throughput is too low for an
application or other requirement. In either case, increasing
the throughput may comprise increasing a modulation and
coding rate or scheme (MCS) of data transmitted on the
uplink channel. Such an increase may increase the error rate,
such as a block error rate (BLER), packet error rate (PER),
or any other measurement of error. The error rate may be
associated with an application requirement. In either case,
the throughput may be incrementally increased at 303, until
a threshold error rate is met at 304. In addition to the
throughput being increased at 303, the wireless devices may
further be instructed to transmit uplink data at an increased
power, so as to enable the incrementally higher throughput.

Alternatively or in addition, if the ratio of uplink to
downlink subframes in the second frame configuration is
greater than the ratio of uplink to downlink subframes in the
first frame configuration, the throughput is decreased, as
further described with respect to FIG. 4. Similar to the
method of FIG. 3, the method of FIG. 4 may be implemented
by an access node, such as access nodes 210, 120, controller
node 104, or any other network node. Although FIG. 4
depicts steps performed in a particular order for purposes of
illustration and discussion, the operations discussed herein
are not limited to any particular order or arrangement. One
skilled in the art, using the disclosures provided herein, will
appreciate that various steps of the methods can be omitted,
rearranged, combined, and/or adapted in various ways.

The method begins at 401 with a determination of a
change in frame configuration of a wireless interface of an
access node. The frame configuration may change from a
first, i.e. initial or default frame configuration, to a second
frame configuration, i.e. a new frame configuration. Alter-
natively, or in addition, the frame configuration may have
changed back to a default (second) frame configuration from
a new (first) frame configuration. In either case, the default
and new frame configurations may be any from among a
plurality of frame configurations available in the wireless
network. Further, each of the plurality of frame configura-
tions comprises a sequence of subframes in a defined order
as further described herein and with respect to Table 1
above. The changes in frame configuration may be initiated
by a network operator or network node for numerous
reasons, including load balancing between uplink and down-
link resource usage, and so on.

At 402, it is determined whether a ratio of uplink sub-
frames relative to downlink subframes in the second frame
configuration is greater than a ratio of uplink subframes to
downlink subframes in the first or initial frame configura-
tion. In other words, it may be determined that more uplink
resources (i.e. subframes) are available now than were
previously available in the wireless network. If the number
(or relative ratio) of uplink subframes remains relatively
stable, i.e. does not increase with the change in frame
configuration, then link adaptation may not be needed, and
the method ends. If, however, a positive change in frame
configuration and/or availability of uplink resources is deter-
mined then, at 403, a throughput for uplink data transmitted
over the uplink channel is decreased, and wireless devices
within the wireless network are instructed to transmit uplink
data at the decreased throughput. The reason for the decrease
is that the positive change in uplink resource availability
may not require such a high throughput, thereby allowing
wireless devices to reduce their throughput and transmit
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power accordingly, thereby saving battery life and process-
ing resources. An optional step here is to determine whether
or not the current throughput is sufficient for an application
or other requirement. In either case, decreasing the through-
put may comprise decreasing a modulation and coding rate
or scheme (MCS) of data transmitted on the uplink channel
from, for example, a higher-order MCS to a lower-order
MCS. Conversely, increasing the throughput may comprise
increasing the MCS from a lower-order MCS to a higher-
order MCS.

The methods, systems, devices, networks, access nodes,
and equipment described above may be implemented with,
contain, or be executed by one or more computer systems
and/or processing nodes. The methods described above may
also be stored on a non-transitory computer readable
medium. Many of the elements of communication system
100 may be, comprise, or include computers systems and/or
processing nodes. This includes, but is not limited to: access
nodes 110, 120, controller node 104, and/or network 101.

FIG. 5 depicts an exemplary processing node 500 for data
transmission using frame reconfiguration. Processing node
500 comprises a communication interface 502, user inter-
face 504, and processing system 506 in communication with
communication interface 502 and user interface 504. Pro-
cessing system 506 includes storage 508, which can com-
prise a disk drive, flash drive, memory circuitry, or other
memory device. Storage 508 can store software 510 which
is used in the operation of the processing node 500. Storage
508 may include a disk drive, flash drive, data storage
circuitry, or some other memory apparatus. For example,
storage 508 may include a buffer. Software 510 may include
computer programs, firmware, or some other form of
machine-readable instructions, including an operating sys-
tem, utilities, drivers, network interfaces, applications, or
some other type of software. For example, software 510 may
include a module for performing dynamic link adaptation
operations described herein. Processing system 506 may
include a microprocessor and other circuitry to retrieve and
execute software 510 from storage 508. Processing node 500
may further include other components such as a power
management unit, a control interface unit, etc., which are
omitted for clarity. Communication interface 502 permits
processing node 500 to communicate with other network
elements. User interface 504 permits the configuration and
control of the operation of processing node 500.

The exemplary systems and methods described herein can
be performed under the control of a processing system
executing computer-readable codes embodied on a com-
puter-readable recording medium or communication signals
transmitted through a transitory medium. The computer-
readable recording medium is any data storage device that
can store data readable by a processing system, and includes
both volatile and nonvolatile media, removable and non-
removable media, and contemplates media readable by a
database, a computer, and various other network devices.

Examples of the computer-readable recording medium
include, but are not limited to, read-only memory (ROM),
random-access memory (RAM), erasable electrically pro-
grammable ROM (EEPROM), flash memory or other
memory technology, holographic media or other optical disc
storage, magnetic storage including magnetic tape and mag-
netic disk, and solid state storage devices. The computer-
readable recording medium can also be distributed over
network-coupled computer systems so that the computer-
readable code is stored and executed in a distributed fashion.
The communication signals transmitted through a transitory
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medium may include, for example, modulated signals trans-
mitted through wired or wireless transmission paths.
The above description and associated figures teach the
best mode of the invention. The following claims specify the
scope of the invention. Note that some aspects of the best
mode may not fall within the scope of the invention as
specified by the claims. Those skilled in the art will appre-
ciate that the features described above can be combined in
various ways to form multiple variations of the invention. As
a result, the invention is not limited to the specific embodi-
ments described above, but only by the following claims and
their equivalents.
What is claimed is:
1. A method for performing dynamic link adaptation,
comprising:
determining a change in a wireless air interface deployed
by an access node from a first frame configuration to a
second frame configuration, wherein the first frame
configuration comprises a first ratio of uplink sub-
frames to downlink subframes within a time period, the
second frame configuration comprises a second ratio of
uplink subframes to downlink subframes within the
time period, and the second ratio is different from the
first ratio, wherein the second ratio is smaller than the
first ratio;
adjusting a throughput for uplink data transmitted over the
wireless air interface based on the change, wherein the
uplink data is transmitted from a wireless device in
communication with the access node, and wherein
adjusting the throughput further comprises increasing a
modulation and coding scheme (MCS) and a transmit
power of the wireless device incrementally until a
threshold error rate is met, wherein the MCS comprises
Quadrature Phase Shift Keying (QPSK), 16-bit
Quadrature Amplitude Modulation (16QAM), or 16-bit
Quadrature Amplitude Modulation (16QAM); and

instructing the wireless device to transmit the data at the
adjusted throughput.

2. The method of claim 1, wherein the second ratio is
larger than the first ratio, and wherein adjusting the through-
put comprises decreasing the MCS and the transmit power.

3. A system for performing dynamic link adaptation, the
system comprising:

a processing node; and

a processor coupled to the processing node, the processor

for enabling the processing node to perform operations

comprising:

changing a frame configuration of an air interface from
a first frame configuration to a second frame con-
figuration, wherein the first frame configuration
comprises a higher amount of uplink resources
deployed by an access node[[ ]] than the second
frame configuration;

determining that one or more wireless devices in com-
munication with the access node are configured to
transmit uplink data at a first throughput; and

instructing the one or more wireless devices to transmit
the uplink data at a second throughput that is differ-
ent from the first throughput,

wherein instructing the one or more wireless devices to
transmit the uplink data at the second throughput
comprises increasing a modulation and coding
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scheme (MCS) and a transmit power of the one or
more wireless devices incrementally until a thresh-
old error rate is met, wherein the MCS comprises
Quadrature Phase Shift Keying (QPSK), 16-bit
Quadrature Amplitude Modulation (16QAM), or
16-bit Quadrature Amplitude Modulation (16QAM).
4. The system of claim 3, wherein the operations further
comprise determining that the first throughput is insufficient
for transmitting the uplink data using the second frame
configuration.
5. The system of claim 4, wherein the second throughput
is higher than the first throughput.
6. The system of claim 4, wherein determining that the
first throughput is insufficient for transmitting the uplink
data using the second frame configuration is based on an
application requirement of the one or more wireless devices.
7. The system of claim 3, wherein the first frame con-
figuration comprises a smaller amount of uplink resources
than the second frame configuration.
8. The system of claim 7, wherein the second throughput
is lower than the first throughput.
9. The system of claim 8, wherein the operations further
comprise determining that the second throughput is suffi-
cient for transmitting the uplink data using the second frame
configuration.
10. A processing node for performing dynamic link adap-
tation in a wireless network, the processing node comprising
a processor that is configured to perform operations com-
prising:
determining that an air interface deployed by an access
node in the wireless network is switched from using a
first frame configuration to using a second frame con-
figuration, wherein the second frame configuration
comprises fewer uplink resources than the first frame
configuration;
incrementally increasing a modulation and coding scheme
(MCS) and a transmit power level of uplink data
transmitted from a wireless device communicatively
coupled to the access node until a threshold error rate
is reached, wherein the MCS comprises Quadrature
Phase Shift Keying (QPSK), 16-bit Quadrature Ampli-
tude Modulation (16QAM), or 16-bit Quadrature
Amplitude Modulation (16QAM);

determining that the air interface is switched from using
the second frame configuration to using the first frame
configuration; and

incrementally decreasing the MCS and the transmit power

level of the uplink data until a minimum requirement is
met.

11. The processing node of claim 10, wherein incremen-
tally increasing the MCS comprises instructing the wireless
device to transmit the uplink data at a higher-order MCS,
and incrementally decreasing the MCS comprises instruct-
ing the wireless device to transmit the uplink data at a
lower-order MCS.

12. The processing node of claim 10, wherein the mini-
mum requirement comprises an application requirement of
an application on the wireless device.

13. The processing node of claim 10, wherein the thresh-
old error rate comprises a block error rate.
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